There is a lot of interest in the contribution that agroforestry can make to reverse land degradation and create resilient multifunctional landscapes that provide a range of socio-economic benefits. The agroforestry research agenda has been characterized by approaches that promote a few priority tree species, within a restricted set of technological packages. These have often not spread widely beyond project sites, because they fail to take account of fine scale variation in farmer circumstances. New methods are needed to generate diverse sets of agroforestry options that can reconcile production and conservation objectives and embrace varying local conditions across large scaling domains. Here, we document a novel approach that couples local knowledge acquisition with structured stakeholder engagement to build an inclusive way of designing agroforestry options. We applied this approach in the eastern part of the Democratic Republic of Congo (DRC) where armed conflict, erratic governance and poverty have resulted in severe pressure on forests in the Virunga National Park, a global biodiversity hotspot. Around the park, natural resources and land are severely degraded, whereas most reforestation interventions have consisted of exotic monocultures dominated by Eucalyptus species grown as energy or timber woodlots mainly by male farmers with sufficient land to allocate some exclusively to trees. We found that structured stakeholder engagement led to a quick identification of a much greater diversity of trees (more than 70 species) to be recommended for use within varied field, farm and landscape niches, serving the interests of a much greater diversity of people, including women and marginalized groups. The process also identified key interventions to improve the enabling environment required to scale up the adoption of agroforestry. These included improving access to quality tree planting material, capacity strengthening within the largely nongovernmental extension system, and collective action to support value capture from agroforestry products, through processing and market interventions. Integrating local and global scientific knowledge, coupled with facilitating broad-based stakeholder participation, resulted in shifting from reliance on a few priority tree species to promoting tree diversity across the Virunga landscape that could underpin more productive and resilient livelihoods. The approach is relevant for scaling up agroforestry more generally.
SUMMARY
There is a lot of interest in the contribution that agroforestry can make to reverse land degradation and create resilient multifunctional landscapes that provide a range of socio-economic benefits. The agroforestry research agenda has been characterized by approaches that promote a few priority tree species, within a restricted set of technological packages. These have often not spread widely beyond project sites, because they fail to take account of fine scale variation in farmer circumstances. New methods are needed to generate diverse sets of agroforestry options that can reconcile production and conservation objectives and embrace varying local conditions across large scaling domains. Here, we document a novel approach that couples local knowledge acquisition with structured stakeholder engagement to build an inclusive way of designing agroforestry options. We applied this approach in the eastern part of the Democratic Republic of Congo (DRC) where armed conflict, erratic governance and poverty have resulted in severe pressure on forests in the Virunga National Park, a global biodiversity hotspot. Around the park, natural resources and land are severely degraded, whereas most reforestation interventions have consisted of exotic monocultures dominated by Eucalyptus species grown as energy or timber woodlots mainly by male farmers with sufficient land to allocate some exclusively to trees. We found that structured stakeholder engagement led to a quick identification of a much greater diversity of trees (more than 70 species) to be recommended for use within varied field, farm and landscape niches, serving the interests of a much greater diversity of people, including women and marginalized groups. The process also identified key interventions to improve the enabling environment required to scale up the adoption of agroforestry. These included improving access to quality tree planting material, capacity strengthening within the largely nongovernmental extension system, and collective action to support value capture from agroforestry products, through processing and market interventions. Integrating local and global scientific knowledge, coupled with facilitating broad-based stakeholder participation, resulted in shifting from reliance on a few priority tree species to promoting tree diversity across the Virunga landscape that could underpin more productive and resilient livelihoods. The approach is relevant for scaling up agroforestry more generally.
I N T RO D U C T I O N
The current global environmental crisis is leading to calls for new strategies to sustainably manage agricultural landscapes so that they can provide a more balanced set of provisioning, regulating, supporting, and cultural ecosystem services (MA, §Corresponding author. Email: e.smith@cgiar.org 2 E M I L I E S. D U M O N T et al. 2005 ). Land use systems that promote multi-functionality, such as agroforestry, are seen as potential vehicles to deliver resilience at landscape scale and play an important role in the ecological restoration of degraded land (Mbow et al., 2014) . Farmers make decisions about land use change locally and the factors influencing their decisions are largely context specific, determined by a complex mix of biophysical and socioecological conditions, as well as by the enabling policy and institutional environment (Coe et al., 2014) . Most agroforestry development and research projects have, in the past, focused on promoting prescriptive technology packages, such as improved fallows, alley cropping or fodder banks (Pollini, 2009) , whereas tree selection has been largely based on the prioritization of a few selected species for domestication or promotion (Franzel et al., 1996) . Despite the promise of agroforestry technologies, reviews of adoption have highlighted their often limited spread beyond project sites (Meijer et al., 2015) . Where adoption has been widespread, it has often been restricted to a narrow group of stakeholders, such as those with higher resource endowment and secure land tenure. Women, for example, have frequently been less likely to utilize agroforestry technologies, limiting the socio-economic benefits that are realised (Kiptot and Franzel, 2012) . A separate but related issue is that agroforestry and reforestation projects in Africa have often led to the promotion of a few largely exotic tree species (Ashley et al., 2006) . This can have detrimental impacts on biodiversity and contributes to ever more simplified agroecosystems (Harvey et al., 2011) . This is especially critical in areas around the protected tropical forest (DeFries et al., 2007) .
There are now calls for different approaches to agroforestry promotion that go beyond prescriptive 'one size fits all' agroforestry technology designs and that promote only a few iconic agroforestry tree species (Coe et al., 2014) . It is argued that more diverse and adaptable technology options will be adopted by more people and deliver greater benefits both to smallholder livelihoods and to ecosystem health (Franzel et al., 2001) . Tree management options that can be locally adapted to fine scale variation in both ecological and socio-economic context are likely to spread further and faster than less flexible prescriptions. The contextual variables that condition suitability of agroforestry options depend on which factors are important for a particular innovation to be adopted, and how much these factors vary across the geography of interest. Common ecological contextual variables that need to be considered include various soil parameters, altitude, climate and water availability, whereas variations in socio-economic context include, ethnic differences, gender roles, assets and access to (Coe et al., 2014; Reubens et al., 2011) . There is a scope for new approaches to promoting agroforestry that look at farming systems and landscapes more holistically than previously, in order to analyse variations in context and offer farmers a broader menu of agroforestry options suited to their different sets of needs and circumstances (Franzel et al., 2001; German et al., 2006) .
The objectives of the research reported here were to explore the extent to which greater involvement of stakeholders and their knowledge in designing agroforestry interventions would lead to more diverse and inclusive options being identified for promotion, together with developing an understanding of how the resulting options could be tailored to local context. We tried out this structured stakeholder engagement Diverse and inclusive agroforestry options 3 in the challenging context of the landscape around the Virunga National Park in the East of the Democratic Republic of Congo (DRC). This is a global biodiversity hotspot that has been subject to prolonged environmental degradation and conflict. Over the past three decades, there have been various reforestation initiatives attempting to promote tree planting to reduce the pressure on natural forests. These have focused on the promotion of energy woodlots, using a few fast growing exotic species, managed mostly by men who have large enough holdings to devote some land exclusively to trees (Lejeune et al., 2013) . We adopted a participatory action research approach (Chevalier and Buckles, 2013) , working closely with development and conservation partners, in particular, the World Wide Fund for Nature (WWF), a key regional actor involved in promoting energy woodlots on farms since 1987.
Site description
The Virunga National Park is located in North Kivu province in the East of the DRC stretching along the Ugandan and Rwandese borders at the heart of the Great lakes ( Figure 1 ). It embraces a land area of 59 483 km −2 with a population estimated in 2015 as 6.655 million and belongs to the biodiversity hotspot of the Albertine rift (INS, 2015) . The region is ecologically diverse, with altitude varying from 800 m in the equatorial forests and river plains to 2500 m in the Afromontane forest zone with summits peaking above 5000 m in the Rwenzori glaciers, with sharp gradients that have given rise to a wide range of habitat types, including savannas, equatorial lowland and Afromontane forests (Plumptre et al., 2007) .
The province, in general, is endowed with fertile volcanic soils and a favourable tropical climate but with more pronounced ecological variation in the northern part of the province. Agriculture used to be the engine of a thriving economy with dynamic domestic and international trade in a range of food and industrial crops. This collapsed in the 1990s with the proliferation of local-level rebellions and international armed conflict causing a prolonged humanitarian and environmental crisis. In this densely populated part of the world, with an overall provincial average of 112 people km −2 , conflict has caused an increase in urbanization and markedly unequal access to farmland (INS, 2015; Jayne et al., 2014) . The main land use around the park continues to be agriculture, involving annual and perennial crops as well as large cattle ranches. Current trends are towards increasing reliance on subsistence rather than commercial farming, loss of soil fertility and decreasing crop yields.
There are ethnic differences between the northern and southern parts of the study area. The Nande are the predominant ethnic group in the northern part around Beni and Lubero, whereas the southern part is more ethnically diverse and subject to severe civil conflicts between Hunde, Tembo and Nyanga communities and a large migrant population of Banyarwanda. Indigenous Batwa people have been displaced from protected forest areas, including the Virunga National Park, and are a particularly marginalised group (Gilbert, 2013) . Most communities are reliant for their survival on natural resources and especially protected forests, which are now under severe pressure because of illegal charcoal production (Lejeune et al., 2013) . The baseline in terms of agroforestry development in the region was a focus on promoting fast growing exotic tree species for the production of charcoal or timber in woodlots, largely dominated by the Eucalyptus genus but also including Acacia mearnsii and Senna siamea and to a lesser extent Grevillea robusta (LeJeune et al., 2013) , with a main aim of reducing pressure on resources from the Park. Our key conservation and development partner in the research was WWF who had been implementing the ECOmakala project that focused on woodlot promotion, for 7 years before the present research began.
Local knowledge acquisition
Decision making about agroforestry at a landscape scale in the North Kivu province is hampered by the sparse literature and data available about local agricultural and land use practices. In order to capture information about prevailing Diverse and inclusive agroforestry options 5 livelihood systems, tree management in various farm and landscape niches and farmers' knowledge and preferences relating to trees, two participatory scoping studies were conducted in the Lubero district in the north and the Masisi district in the south. The aim was to elicit local knowledge about drivers of land use and land cover change as well as about agroforestry practices and the present and potential roles of trees in supporting people's livelihoods. Semi-structured interviews were conducted with 60 individual farmers (of which 22 were women) complemented by 10 focus group discussions with farmer association members and forestry technicians involving a further 85 people (25 of them women). These field studies were instrumental in enabling the facilitation of stakeholder workshops by researchers, because they provided a collective understanding of the prevailing land use and livelihood systems in the area and helped to build trust between researchers and other local stakeholders. Where appropriate, information from the scoping study was used to set up and structure discussion sessions in the subsequent multi-stakeholder design workshops.
Multi-stakeholder design workshops
Two multi-stakeholder design workshops were organized, one in Goma covering the three districts in the southern part of the province (Masisi, Rutshuru and Nyaragongo) and the other in Butembo covering two districts in the northern part (Lubero and Beni) in October 2014. Participants were selected on the basis of their involvement and interest in tree planting in the region and included a diversity of interest groups with different types of knowledge (practical, technical and scientific). Many of the participants were drawn from those who had taken part in the earlier scoping studies. There were 25 participants in the Goma workshop (five of them women) and 38 in Butembo (eight of them women). They included technical staff and members of farmers' tree planting associations involved in the ECOmakala project, government extension agents, representatives of different farmers groups (herders, coffee growers, beekeepers) and women's community-based organisations, and lecturers in local technical colleges and universities.
The objective of the workshop sessions was to explore agroforestry options potentially suitable for the different contexts found across the province. This was achieved by addressing four themes that each constituted a working group: (1) trees and crops; (2) trees and livestock; (3) trees and income and (4) trees and gender (which involved all the women participants). The main steps followed during the workshop were (i) an introduction led by the workshop facilitators that covered agroforestry practices around the world and presented results from the local knowledge acquisition activity in North Kivu; (ii) identification by participants of a list of generic agroforestry practices with supplementary details of tree species, farm niche locations and spatial arrangements potentially involved in different locations; (iii) assessment of opportunities and constraints to the adoption of these practices; and, (iv) definition of actions to promote agroforestry locally and address barriers to adoption. Following this, we systematized and represented the contextual information affecting adoption of agroforestry practices including requirements for interventions to create at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0014479716000788 a conducive enabling environment (Coe et al., 2014) . Priority actions to address barriers to the adoption of promising agroforestry practices were then identified by participants.
Training and reflection
A technical manual incorporating agroforestry options suitable for different contexts across North Kivu was developed, incorporating findings from the design workshops, together with scientific knowledge about the tree species and agroforestry practices involved (Smith Dumont et al., 2015) . This manual was used in training, involving 2 events with 58 participants that included WWF forestry outreach staff, technical staff from community-based organisations, governmental agents and local researchers over an 18 month period following the design workshops and culminating in a reflection workshop that sought to collate and reflect upon experiences of participants who had taken part in the structured stakeholder engagement. The workshop was held in Goma between the 21 and 23rd March 2016 March and brought together 46 people from the southern and northern parts of the province
R E S U LT S

Generic agroforestry practices
Three major types of land with different prospects for agroforestry were identified during the scoping as separate land use categories (Sinclair, 1999) , within which trees may be integrated. These were cropland, pastures and homesteads, and they were used as an organising framework for discussing integration of trees in fields, on farms and across landscapes in the scoping study and stakeholder workshops. Fifteen generic types of agroforestry practice relevant to these different land use categories were identified during the workshops (Table 1) . This variety reflects the diversity of needs and opportunities across the North Kivu province. These practices were generic (in that they describe primarily the desired function). In our experience, local actors will customise these agroforestry systems (by using different mixtures of trees) to better suit the ecological requirements of their location, embracing the altitudinal gradient across the province, as well as farmers' individual needs, endowments and preferences.
Tree species
During the workshops, stakeholders detailed 15 agroforestry technology options. Participants were able to associate a range of tree species with these agroforestry practices across a range of farm and landscape niches. These niches were more detailed than the land use categories described in Table 1 and provided more precise detail on the location of practices within farms. During the workshops 71 species of trees, shrubs and liana (Appendix 1) were identified as suitable for use in at least one of the generic agroforestry practices. Forty-four species were discussed during the South Virunga workshop and 57 in the Butembo workshop with 34 species common to both. Five of the 15 options developed by stakeholders illustrate not only the potential diversity of native and exotic trees they considered appropriate for each option, but also the range of farm niches and potential spatial arrangements, corresponding to different farm conditions and people's needs (Table 2) . Planting high value fruit trees, for example, is a key option to improve nutrition and income, and these can be integrated in several landscape and farm niches. Other options were more niche specific, such as integrating shade trees in coffee systems.
Options by context matrices
To understand contextual variables influencing the adoption and scaling up of agroforestry options across the province, we compiled information relating to opportunities and constraints associated with the different options identified by participants into two matrices covering farm level (Table 3 ) and enabling environment (Table 4 ) contextual requirements, respectively. We present details for three of the five agroforestry options outlined in Table 2 to illustrate the results obtained when participants were asked to discuss the contextual relevance of different options.
Workshop participants identified 13 contextual factors that were important in determining suitability of different options. These were classified by researchers into at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0014479716000788 Labour for sowing and weeding required.
Land tenure is a restricting factor, more severely the longer the rotation length.
Men are generally the main beneficiaries. those operating at the farm level (6), and those relating to the enabling environment, within which farms operate (7). These categories were found useful for structuring discussion but are to some extent subjective, and there are interactions amongst them. Land tenure, for example, is seen here to operate at a farm level, in as much as the tenure status of land affects what options farmers are prepared to practice on it, but tenure may also be affected by both formal (policy and institutions) and less formal (cultural) aspects of the enabling environment. Gender influences other contextual factors because of differential access to resources amongst men and women, but also directly influences choices of tree species and agroforestry options. Workshop participants indicated that the ecological conditions across the province of North Kivu were highly variable and hence suitable for a wide range of trees but that altitude was a major factor determining the performance and suitability of individual species in particular locations (Table 3) . Access to quality germ plasm was a constraining factor for the establishment of all three options, with the exception of Eucalyptus seeds for establishing woodlots, which were widely available. Sourcing seed or seedlings of native species was difficult, and although parent trees were often present in the landscape, they were seldom used to produce propagation material because of the lack of knowledge and skills to do so (see human capital in Table 4 ). Farm size influenced how much space could be used for establishing orchards or woodlots, but there were also specific planting arrangements tailored to small holdings such as boundary planting, live fences and scattered trees in fields. Labour availability constrained establishment of trees, especially in female-headed households with few family members active in agriculture. Land tenure was a particularly restricting factor for tree establishment because many small farmers did not have secure land titles, although farmers who rented land could grow fast growing tree species where agreement could be reached with landlords. There were clear gender differences in benefits accruing from different practices; women were primary beneficiaries of high value fruit trees, whereas men were usually in control of woodlots. Men were also in charge of fodder banks for dairy farms, though women responsible for small ruminants could also benefit from on farm tree fodder availability, whereas women were often responsible for fruit tree orchards that could be utilised by men for bee-keeping.
Financial capital restrictions were particularly important for women, who did not have the formal means to invest in tree seedlings and inputs for improving fruit production ( Table 4 ). The lack of road infrastructure was a constraint, especially for transporting and marketing fresh perishable fruits, timber, charcoal and honey. In terms of social capital, there were several local community-based organisations and tree planting associations. In terms of human capital, farmers and extension workers had knowledge about a wide range of trees and their suitability for different locations but lacked skills in propagating most native species. Women also lacked fruit tree management and propagation skills, and there were no trained extension staff specialised in horticulture to support them in this respect. Herders lacked knowledge about the nutritional value of fodder species and the conservation, management and handling of fodder from trees. Despite the market potential, notably to supply at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0014479716000788 to urban areas, lack of collective action around wood and non-wood products was limiting value capture and hence profit. Women were particularly interested in value addition, including processing of fruits into juices or jams but lacked access to microfinance to enable them to engage in these opportunities. There were cross cutting policy issues that related mainly to pluralistic land tenure laws and customary rules that have allowed widespread alienation of land held under custom (Vlassenroot and Huggins, 2005) , aggravated by the lack of government support in agricultural services and in land use planning. There were also cultural norms that affected the use of some tree species and the adoption or management of some practices. These included taboos around fruit trees as well as a lack of awareness that fruit consumption could improve nutrition, and ethnic and gender specificity in preferences for some tree species and practices, such as Batwa men favouring meliferous tree species to enhance bee-keeping.
Delivery mechanisms for promoting agroforestry options
Amongst solutions and contextual prerequisites for scaling up the three agroforestry practices documented in Tables 3 and 4 , local stakeholders highlighted a series of complementary interventions required that relate to improvements in delivery mechanisms and the enabling environment (Table 5) . Increasing the quality and diversity of germ plasm for native and exotic species was an important intervention across the three practices that stakeholders indicated could be achieved through expanding and strengthening existing community-based networks. Researchers also thought that the development of seed orchards and seed banks would reduce the reliance on external sourcing of germ plasm that is often driven by projects. This was a concept well received by local stakeholders. Sensitisation/awareness-raising activities were considered important for all three practices, to target not only beneficiaries, but also opinion leaders and customary chiefs. Capacity development, through increasing knowledge and technical skills, was also considered important, targeting not only specific interest groups, but also extension services, in general, who has received little agroforestry training and lacked expertise in collecting and handling native seeds. To scale up women's involvement in fruit tree production, training in fruit tree management and pest and disease control was identified as important, together with training in accounting and management skills that could underpin the development of collective action for enabling value addition. Expanding and strengthening collective action for improving the value chain, and thereby increasing returns, was important not only for fruits, but also for wood and honey from woodlots. Common enabling environment interventions revolved around the creation of a platform for sharing agroforestry knowledge and experience, for accessing credits and inputs, as well as for collective market action. Improving the very poor road infrastructure was also raised as an important factor to facilitate transport and market access. In the sphere of policy and institutional change, the major obstacles to adoption of agroforestry were identified as those related to tenure. Unclear and overlapping formal and customary land tenure and property rights indicated that stronger agrarian legislation and land Germ plasm Increase quality and diversity of seeds and seedlings X X X Initiate domestication of native species X X X Establish local seed banks X X X Establish seed orchards for local production X X X Promote grafting reproduction methods X Promote alternative propagation (direct seeding, cuttings) X X
Sensitisationawareness raising
Establish demonstration farms and experimental fields X X X Extension material in local languages X X X Farmer organisations on land tenure rules and rights X X X Religious confessions/opinion leaders on agroforestry planning X X X Local customary chiefs -on agroforestry planning X X X Herder groups agroforestry on zero-grazing systems X Nutrition (schools, market, radio theatre) X X
Capacity building/knowledge
Extension staff and farmer groups in seed collection of native species X X X Extension staff and farmer groups in seed handling and conservation X X X Local extension staff in fruit tree management X Women in fruit tree propagation and management X Women in fruit tree pest and disease control X Local extension staff in improved tree fodder management X Herders in improved tree fodder management (types, quantity, timing) X Beekeepers (Batwa included) in improved apiculture techniques X X Women in fruit transformation techniques X Women in accounting and management skills X Market Support collective action for improving access to markets X X X Market information systems X X X Developing efficient value chain for honey, fruits, timber, charcoal, fodder X X X Improve market value of fruits through transformation X Developing efficient value chain for honey, fruits, timber, charcoal, fodder X X Link farmers to markets and businesses through fairs and market days X X X
Networksplatforms
Create a multi-stakeholders agroforestry platform X X X Support access to credit schemes X X X Create groups for collective action based on selected commodities X X X
Infrastructure
Build fruit selling points for collective sales X Road network X X
Policies-lawsrules
Reform of agrarian legislation X X X Reform of land tenure policy X X X Investment in agroforestry research X X X Investment in the rehabilitation of road network X X Support for botanical gardens development and maintenance X X X Develop and implement a national seed policy X X Cross sectoral programs should include agroforestry X X X Taxation policy on charcoal X use planning would be required to foster cross-sectoral integration, enabling larger investments in agroforestry.
D I S C U S S I O N
Several themes emerged from the results of using a structured multi-stakeholder agroforestry design process around which we have structured the discussion. The first was the contrast between the nature of current reforestation programs in the region and the potential for a much wider diversity of species and tree management options, tailored to the heterogeneity of the landscape and farmers' needs. The second was the importance of delivery mechanisms and the enabling environment for scaling up agroforestry, including supply of seeds and seedlings, and the development of markets and appropriate policies and institutions. At last, we reflect on the lessons learnt from applying a structured stakeholder approach that combined consideration of multiple knowledge systems with engaging multiple stakeholders to enable the co-design of agroforestry options.
Tree diversity and social inclusion
The dominant agroforestry interventions in the region had previously focused on promoting fast growing exotic species for the production of energy or timber in woodlots, largely dominated by the Eucalyptus genus and also including Acacia mearnsii and Senna siamea (both of which have the potential to be invasive) and to a lesser extent Grevillea robusta (LeJeune et al., 2013) . The process of engaging with a range of local stakeholders, using a holistic landscape and farming systems approach (Sinclair, 1999) , led to a rapid identification of a diverse set of locally relevant agroforestry practices, in various farm and landscape niches, and a list of more than 70 species, including 30 native trees not previously part of formal tree promotion efforts in the region, but locally known as useful for different contexts. This list was complemented by local knowledge acquisition, information from natural vegetation maps and market studies, leading to the development of a technical extension manual and a series of training materials covering 120 species (Smith Dumont et al., 2015) .
The discussions of species suitability for different farm and landscape niches during knowledge acquisition and at the design workshops led to elicitation of a rich set of information about how to manage trees and their interactions with crops, livestock and human needs. This knowledge embraced the range of conditions across the province, rendered diverse because of altitudinal variation and varied social and economic context. These result in fine scale variation in agroecosystems, based around annual and perennial crops, mixed farming and dairy production. Key gaps in local knowledge were also identified, especially relating to tree propagation, consistent with findings more broadly (Lillesø et al., 2011) .
Conventional approaches to tree promotion have focused on identifying a few, usually exotic, tree species through rapid participatory appraisal and ranking, aiming at consensus on priorities (Franzel et al., 1996) , rather than embracing the diversity of needs and conditions that farmers experience (German et al., 2006) . A potential drawback with promoting only a few species is that if this is successful it may result in reducing the biodiversity of landscapes and hence their resilience (Harvey et al., 2011) . A number of recent studies in East Africa have shown that farmers, when deciding on tree retention and planting on their farms in less disrupted landscapes than those of North Kivu, have tended to embrace a diversity of species that contribute to landscape and livelihood resilience (Iiyama et al., 2016; Nyaga et al., 2015) . Although tree planting is aiming to contribute to landscape restoration around protected areas, as is the case around the Virunga National Park, it is particularly important to promote a diversity of tree species that can contribute to biodiversity conservation at the same time as productivity and profitability of farming (Ashley et al., 2006) . This diversity of agroforestry options generated from stakeholder engagement, included species and practices that could benefit a much greater diversity of people than were previously reached by woodlots of exotic species, that tended to be adopted by male farmers with sufficiently large land holdings to be able to devote land exclusively to timber or charcoal production (LeJeune et al., 2013) . Options identified during the stakeholder engagement process, included early maturing fruit tree species, with options to add value through processing into juice or jam, as well as fertilizer trees to improve soil fertility, favoured by women. Men from the indigenous Batwa community were interested in meliferous trees to support honey production from their bee-keeping enterprises. Tree species suitable for both windbreaks and fodder production were identified by livestock keepers as important for the extensive areas of pasture in the landscape and to support dairy production. The identification of options for a broader range of stakeholders derives specifically from the strategy of knowledge acquisition from different stakeholder groups, coupled with workshop sessions deliberately organised to give voice to otherwise marginalized people, who often lack agency in multi-stakeholder fora (Chomba et al., 2015) . This was particularly effective in addressing issues important for women through having workshop groups focusing specifically on trees and gender, comprising all of the female participants. Greater inclusiveness in agroforestry options identified and promoted in an area is likely to lead to more effective scaling up because the range of options addresses needs of a higher proportion of the people living there (Coe et al., 2014; Franzel et al., 2001) .
Seed and seedling supply mechanisms
Access to quality tree planting material for a diverse range of species was identified as a major barrier to the adoption of many of the agroforestry options considered relevant in North Kivu, a situation mirrored in many places across Africa (Nyoka et al., 2011) . Despite recent efforts to develop locally sustainable tree seed and seedling supply systems, it remains common in Africa for the availability of tree planting material to be largely determined by government institutions and NGOs continuing to freely distribute a limited number of often exotic species that can be quickly accessed in large quantities by tree promotion initiatives (Brandi et al., 2007; DeFries et al. 2007) . A major issue is that the same traits that make species good candidates for at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0014479716000788 mass seed production also make them more susceptible to being invasive or aggressive, potentially posing threats to biodiversity (Ashley et al., 2006) . Most donor-driven tree planting projects are governed by short-term targets specifying how many trees are to be planted, often with little consideration of which species these are, the quality of germ plasm used or its relevance to local conditions (Nyoka et al., 2011) . The stakeholders involved in the design workshops underlined the relevance of a wide range of species, and they also stressed the need to move away from sole reliance on sourcing germ plasm through external projects, to develop locally owned seed orchards for native and exotic species, to domesticate native species and promote alternative modes of propagation (natural regeneration or vegetative propagation methods). They also identified key knowledge and skill gaps in the propagation of native tree species amongst both farmers and extension staff. This corroborates recent global reviews that have highlighted the importance of developing local sourcing of tree germ plasm coupled with market development, to ensure supply of quality tree seeds and seedlings, through fostering the growth of small seed and seedling production and distribution enterprises (Lillesø et al., 2011) 
Enabling environment: markets and the policy environment
Despite the existence of important markets for numerous wood and non-wood products in North Kivu, a good understanding of how these markets operate is lacking and market development is heavily constrained by political uncertainty and weak governance (O'Donnell et al., 2015) . It has been suggested that scaling up adoption of agroforestry practices requires strategies for promoting tree planting to be connected to interventions aiming to expand market opportunities for farmers, around diversified portfolios of high-value products (Russell and Franzel, 2004) . Increasing the knowledge of farmers, technicians and rural advisory agents in processing of tree products was identified as an important capacity strengthening activity, required to foster value chain development for agroforestry products in North Kivu, with women specifically interested in processing fruit but constrained by the lack of access to micro-finance. A key realization from the stakeholder engagement process was that extension approaches would need to be tailored to different stakeholder groups, with a focus on gender and socioeconomic differences that determine gaps in knowledge and skills (Franzel et al., 2001) . Combining market information with value chain interventions in production, harvest and post-harvest stages with institutional support for collective action, has been found critical for supporting enterprise development and commercialisation of agroforestry elsewhere in Africa (Gyau et al., 2014) .
North Kivu faces particularly daunting challenges with respect to governance issues that for most agroforestry initiatives represent context, rather than presenting an opportunity to intervene. Depending on the size and scope of interventions possible, policy and institutional reform may either be an option, or represent context within which other technology, extension system and market options have to work (Coe et al., 2014) . In North Kivu, weak and pluralistic governance mechanisms in a politically unstable region, prone to ethnic conflict, have been associated with land grabbing, a low level of public investment in infrastructure, and burdening taxation in an often corrupt environment, all of which hinder agricultural development and natural resource management (Vlassenroot and Huggins, 2005) . Resulting lack of security in land tenure deters many farmers from investing in trees. Although this constrains what can be done to improve the enabling environment for agroforestry interventions, stakeholders identified possibilities to expand and strengthen farmer networks associated with sourcing germ plasm, as well as collective processing and marketing of agroforestry products. They also highlighted areas where the extension system could be improved through capacity strengthening as discussed above.
Lessons from the structured stakeholder engagement process
The structured stakeholder engagement has resulted in recommending a far more diverse set of options than were considered previously or that prioritization and ranking methods, which deliberately seek consensus on a few priority species, would be likely to elicit (Franzel et al., 1996) . Prioritization, although also participatory, typically results in identifying fewer than ten tree species at the regional or even national levels, appropriate for focusing tree domestication efforts (Dawson et al., 2012) but not necessarily for identifying what trees and agroforestry practices to promote to farmers in any particular locality (Coe et al., 2014) . There has been a long history of researcher-led participatory diagnosis and design in agroforestry (Raintree, 1987) , but this has tended to lead to rich diversity of diagnoses but only a very restricted set of suggested interventions (Sinclair and Walker, 1999) . The colearning process of involving stakeholders in conceptualizing tree planting through the identification of field, farm and landscape niches for different tree species and functions used here, resulted in a much wider diversity of agroforestry options than where researchers fit, a usually limited set of prescribed interventions to match a diagnosis. We found that the initial knowledge acquisition phase was critical for informing and enabling researchers to facilitate the stakeholder workshops. This was because talking with farmers and other stakeholders on their own turf, where they were more confident, enabled an understanding of what different stakeholders knew about trees and agroforestry to emerge (Sinclair and Walker, 1999) , as well as their preferences and the constraints that they faced. By deliberately consulting different stakeholders, encompassing explicit consideration of gender, ethnicity, wealth and the different roles people played in the agricultural system (such as farmers, extension staff, development professionals, researchers and community leaders), a range of distinct perspectives were gathered that researchers used to structure the workshop sessions, for example, by including a group focusing on trees and gender that included all of the female participants, enhancing their agency and the importance accorded to their perspectives in the agroforestry options that emerged from the stakeholder engagement process.
So, the initial knowledge acquisition enabled researchers to set up effective stakeholder dialogue because many key issues were identified before the workshops, and the workshop sessions were then deliberately structured to address them. On reflection, we found evidence of changes in the knowledge and attitudes of stakeholders. One farmer indicated when evaluating the Goma workshop that he had been empowered through realizing that he knew as much about local agroforestry practices and requirements as researchers, and the head of a local NGO remarked at the Butembo workshop that 'this was the first meeting where scientists and farmers could interact, the approach was rich in learning and in giving and receiving'. The forest manager with the WWF ECOmakala project said after the Goma workshop that 'it had opened up our perspectives on tree planting, we realize we need to do things differently and adapt our approach to promote agroforestry and different species', whereas an extension agent for a local farmers' association remarked that 'I was not aware there were so many important native species we could promote and that agroforestry was about so many different practices'. Similarly, at the Butembo workshop a coordinator of an NGO said that 'I have been planting trees with ECOmakala since 2006 and wondering how we could develop agroforestry, now we know how to give better advice to our farmers'.
The combination of structured stakeholder engagement to design agroforestry options with the subsequent technical training that integrated local knowledge with global scientific expertise resulted in changes in knowledge and attitudes about tree planting amongst stakeholders including farmers, researchers, extension staff and development agencies. This is evidenced by the reflection workshop that took place a year and a half after the stakeholder design workshops. Several local communitybased organisations and regional NGOs currently working in partnership with WWF presented some of their achievements since the design workshops. They indicated changes in their practice, including promoting a broader range of tree species as detailed in the technical manual, including native species not previously promoted by either government extension systems or non-governmental organisations (NGOs) in the region. They also indicated that they were recommending a more diverse range of ways in which these tree species could be incorporated within fields and farming landscapes rather than focusing on woodlots (Smith Dumont and Bonhomme, 2016) . The extent to which this results in changes in farmer behaviour and more diverse tree cover across the landscape is a key priority for subsequent impact evaluation. Experience from the Lake Tanganyika catchment, where similar approaches to engaging stakeholders in agroforestry design were followed in a development initiative, led to over 2 million trees being locally raised and planted in 2012, including 16 native species not previously promoted in the region (Marijnissen, 2013) .
C O N C L U S I O N
Our results demonstrate that consulting a broad range of stakeholders and sharing knowledge amongst them through facilitated workshops, resulted in a shift from the promotion of a handful of exotic tree species in woodlots, largely benefiting wealthier men, to recommendations for over 70 species, 30 of them native, across a wide range of field, farm and landscape niches. These options addressed the needs of women, various ethnic groups and different types of farmers, including those producing annual crops, perennial crops and livestock. Although the use of multiple stakeholder engagement and participatory processes are generally known to be effective bottom up approaches that increase learning, local ownership and adoption of new technologies (Akpo et al., 2014; Franzel et al., 2001) , the novel aspect of this method stems from building on explicit acquisition of local knowledge, which was then used to facilitate a systematic consideration of trees at field, farm and landscape scales. This outlook on agroforestry resulted from the structuring of information around consideration of different options (technologies, market interventions and institutional reform), and the contexts for which they were relevant (covering ecological, economic, social and cultural factors). The options that were identified related as much to addressing key constraints to scaling up agroforestry in the enabling environment, including market, extension system and institutional interventions, as to technology options at field, farm and landscape scales.
